Water quality in China is becoming a severe challenge for agriculture and food safety, and it might also impact health of population via agriculture and food. Thus, it is causing widespread concern. Based on extensive literatures review and data mining, current situation of water pollution in China and its effects on food safety were analyzed. The 2nd National Water Resource Survey in China show that the surface water all over the country was under slight pollution and about 60% of groundwater is polluted. Drinking water quality is basically guaranteed in urban area but it is worrisome in rural areas. In addition, China is the largest consumer of fertilizer and pesticide in the world and the amounts of application still show increasing trends. Fertilizers and pesticides are the most important sources of pollution, which affect human health as persistent organic pollutants and environmental endocrine disruptors. Eutrophication of surface water and nitrate pollution of groundwater are serious threats to drinking water safety. Sewage irrigation is becoming a pollution source to China's water and land because of lacking of effective regulations. Although, with the advance in technology and management level, control of nitrogen and phosphorus emissions and reducing water pollution is still a major challenge for China.
ing shortage as well as pollution of water resources and impacts on the environment. Since chemical fertilizers and pesticides are ensuring the food supply, their application also exacerbates the deterioration of water resources, and results in eutrophication, excessive groundwater nitrate, organics and heavy metals pollution. Excessive application of fertilizers and pesticides are the major sources of water pollution in China, and people's health has been affected by the deterioration of drinking water and food quality.
Agriculture development ensured the China's food safety successfully, thus brought in economic growth. Meanwhile, an overdraft on water resources was made and has been taking their toll on future's food safety. Therefore, it is of great significance to understand the current situation of water quality and its effects on food safety in China. The
Introduction
Water resources in sufficient quantity and appropriate quality are essential to ensure food production and food security. While 1.3 billion people are fed and clothed, China is fac-objectives of the study are to reveal the current water quality situation, investigate the interaction of agricultural activities and water quality, and analyze their effects on food safety and human health.
Water quality in China: Current situation and trends 2.1. Changes in surface water quality
In the 1970s, with the development of economy and urbanization, 90% of industrial wastewater and urban sewage in China discharged directly without any treatment, which led to serious contamination of natural water bodies. Because of this reason, China started to monitor its water quality since then (Wang 1982) .
In 1981, Ministry of Water Resources of China (MWR) conducted a nationwide survey and evaluation of water quality. This was the first nationwide water quality survey in Chinese history. Thereafter, the surface water quality survey and evaluation gradually became a routine work. Meanwhile, the Environmental Quality Standard for Surface Water of China was published and amended several versions (GB 3838-1983 , GB 3838-1988 , GHZB 1-1999 and GB 3838-2002 to meet the needs of water environmental protection. The water quality of surface water is divided into five categories, Grade I (well protected water source in natural reserve), II (first class drinking water), III (second class drinking water), IV (water applicable for industry), and V (water applicable for agriculture) (GB 3838-2002) .
Due to the differences in evaluation criteria, it's difficult to give a quantitative comparison of the surface water quality by using the above category. But their results are still comparable. Because water bodies of Grades I, II and III are able to be used as drinking water source in every amendment. Grades IV and V are not applicable as drinking water. River water quality are gradually improving Fig. 1 shows the annual changes of river water quality over China. The proportion of water quality that met the Grade III or above declined till 2003, when it reached the historic low 38%. After that, rivers that had water quality better than Grade III increased gradually and reached a percentage close to 70% in 2012, which was better than the quality of the 1990's. Eutrophication in lakes and reservoirs In the 1980s, a lot of lakes and reservoirs were under the condition of oligotrophic. However, their nutrition status were almost all above mesotrophic condition in 2000 (Zhou et al. 2004 ). Fig. 2 shows the percentage of the lakes and reservoirs that are above eutrophication level after year 2000. The findings showed that the lakes which suffer from eutrophication had increased rapidly, and more than 65% lakes were above the eutrophication level after 2009. The situation is better for reservoirs, in which the proportion of eutrophication is basically between 30 to 35%.
Changes in groundwater quality
Groundwater quality There is no routine national wide monitoring of groundwater quality currently, but there are only some individual investigations of certain areas by some departments. Therefore, there are actually no data of groundwater quality and pollution trends over the country.
What commonly referred on China's groundwater quality is "90% of groundwater is polluted, 60% of it seriously so", which is published in both Nature and Science by Qiu (2010 Qiu ( , 2011 evaluate China's groundwater quality. One is th e 2nd National Water Resource Survey conducted in 2000 by MWR, which assessed t he quality of shallow groundwater in plain areas in China. Results showed that sh allow groundwater in plain areas was seriously polluted and the poor quality water (Grades IV and V) covered nearly 60% of the total area (Tang et al. 2006) . The other was carried out in 2000-2002 by the Mi nistry of Land and Resources (MLR), which evaluated the co nditions of groundwater quality across the country. Results showed that 63% of groundwater were qualified for drinking water (MLR 2010) . Both findings are shown in Fig. 3 . Generally, China's groundwater pollution is quite severe, especially the shallow groundwater. The trend of pollution is now penetrating from shallow to deep, and spreading from cities to rural (MEP 2011). In some areas, such as Taihu Lake and Liaohe River Basin, almost all shallow groundwater cannot be consumed as drinking water. Nitrogen pollution becomes the most severe water quality issue. About 60% of urban groundwater cannot be used as drinking water Since 2010, routine monitoring of groundwater quality in a number of cites has been carried out by MLR. Results were published in annual Land and Resources Communique of China. A nationwide municipal monitoring in 2013 with 4 778 monitoring sites in 203 cities showed that water quality of 40% sites was good (Grades I, II, and III, Fig. 4 ). The distribution ratio of water quality is similar as in 2013 all along since 2010 (MLR 2004 (MLR -2013 . Nitrogen (nitrite, nitrate and ammonium nitrogen) is the main component that exceeded the Grade III standard, and heavy metals as Pb, Cr, and As also exceed the standard in several monitoring sites. Groundwater is deteriorating Despite the lack of nationwide continuous monitoring of groundwater quality, there is a continuous monitoring in several provinces. Results are shown in Table 1 . The situation is continuously worsening and the ratio of drinkable dropped to less than 25% in 2011-2012.
Changes in drinking water quality
Urban drinking water quality is basically guaranteed A lot of assessments on the quality of urban centralized drinking water source have been implemented (Table 2) . Although some analysts believe that the sources of drinking water were deteriorating between 1989 and 1996 (Han et al. 2000 , on the whole, the ratio of qualified for drinking is increasing along with monitoring water sources (except the census in 2004). Urban centralized sources of drinking water are gradually improved.
These surveys revealed that the pollution were mainly organic pollution, excessive nitrogen and phosphorus, indicating that the non-point source pollution from agricultural is severe. system: water sources, water purification plants, and the secondary water supply system (Shao 2014) . Water is directly consumed as drinking water in most rural areas. However, very few investigations are taken on rural drinking water. The Survey on National Rural Drinking Water Safety Project during the 11th Five-Year Plan period of China in 2004 was one of them (NDRC et al. 2007) . The results show that the population using unsafe drinking water is 320 million in rural areas, accounting for 34% of the total rural population ( Fig. 5) . Unqualified water quality for drinking has become a prominent problem facing China's rural drinking water safety (NDRC et al. 2007 ). Population using polluted water is about 90.84 million. The population using polluted surface water and underground water is half and half, and the formers are mainly distributed in South China, the latters are mainly distributed in the North China and Central South regions.
It should be noted that the survey and evaluation was performed according to "the hygiene standards of rural drinking water". Yet, there would be 800 million more population using unsafe drinking water if assessed with Standards for Drinking Water Quality of China (Li 2009). Although the problem of drinking water safety of 210 million rural residents had been solved by the end of 2010, the problem is still severe in many rural areas (Lv 2012; NDRC et al. 2012) .
In general, the surface water across China was under slight pollution, and the lake (reservoir) eutrophication problem was grievous, and about 60% of groundwater is tainted. Drinking water quality is basically guaranteed in urban area, but the water sources are seriously polluted and the drinking water safety is worrisome in rural areas. 
Effects of chemical fertilizers and pesticides on water quality

Trends of fertilizer and pesticide consumption in China
Present fertilizer application China has a large amount consumption of chemical fertilizers, which is total 58 388.5 kiloton and in excess of 430 kg ha -1 in 2012 (NBSC 2014) . Data from Food and Agriculture Organization show that in 2010 the application intensity of nitrogen and phosphorus of China were 278.4 and 134.5 kg ha -1 , which are top ten in the world, while at the same time it is only 70.7 and 23.9 kg ha -1 in the United States (FAO 2014) .
As shown in Fig. 6 , China's grain yield increased by 1.7-fold in past three decades and the chemical fertilizer increased by 3.9 times with the average annual growth rate of 12.9%. However, at the same period, many countries have taken measures in order to control and reduce the consumption of nitrogen and phosphorus fertilizer. Chemical fertilizer was reduced by approximately 30-50% of total in Western European countries since the 1980s (Zhang et al. 2004a) , while, the application intensity of nitrogen and phosphate fertilizer were reduced several times in many developed countries.
As the world's largest consumer of chemical fertilizer, the efficiency in utilizing fertilizers is low in China. The utilization efficiency is 30-40%, 10-20%, and 35-50% for nitrate, phosphate, and potash, respectively (Chen et al. 2002; Huang et al. 2004; Hu et al. 2005; Liu G P et al. 2006; Zhang 2007) . While the nitrate use efficiency could be as high as 70-80% in developed countries. Up to half the nitrogen applied in China is lost by volatilization and another 5-10% percent by leaching (FAO 2002) . Present pesticide application China is the largest user of pesticide in the world (FAO 2013) with a still rising trend (NBS 2014) . As shown in Fig. 7 , the total amount of pesticide application is 1.781 million tons in 2011, which has increased by 2.3 times compared to that in 1991, with an average annual growth rate of 11.7%. During the same period, the insecticide usage in many countries, such as France, Germany, UK, India, began to decline (FAO 2002 ).
An absurd amount and frequency of pesticide is applied, especially in some high-yield areas or orchards, vegetable, and flower planting areas. The excessive application on rice is about 40%, and more than 50% on cotton (Liu G P et al. 2006) . For example, farms nearby Shenzhen City that are cultivating vegetables year-round, with an average application of pesticides once every 5 d, and mainly use high toxic organophosphate insecticide. This result in an application amount of nearly 300 kg ha -1 in the cultivated land of Shenzhen City, which is 30 times of the national average (Wan 2005) .
By contrast with the enormous usage of pesticide, the efficiency of it is only about 30%, while it is 50-60% in developed countries (Peng 2013 the remaining 40-60% drops to the ground; 20-40% of it drifts in the air, and then return to the land or water bodies by precipitation (Wan 2005; Zhang 2013 ), resulting in water, soil, air and food contamination.
Effects of fertilizers on water quality
Nitrogen, phosphorus and other elements from the excessive application of fertilizer may get into the environment through runoff, leaching, denitrification, and adsorption. The impact of fertilizer on water quality is mainly observed in two aspects: eutrophication (Abrams and Jarrell 1995; Hessen et al. 1997; Tunney et al. 1997; Bridgham 1998; Borda et al. 2011 ) and nitrate contamination of groundwater (Cao 2003; Almasri and Kaluarachchi 2004; Liu H B et al. 2006; Huang et al. 2011; .
Since the 1980s, nitrogen and phosphorus in China's major river basin increased by an average of 10 and 12 times (Peng 2013 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 2 0 0 8 1 800 2 000 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 2 0 1 1 Total pesticides consumption Grain output per hectare drinking water standards (Zhang et al. 1995; Liu H B et al. 2006; Chen et al. 2007 Chen et al. , 2009 Zhao et al. 2007; Yang and Su 2008; Zhang G H 2009; Zhang D 2009 ).
Effects of pesticides on water quality
A literature review reveals a huge number of references on research regarding pesticide residues in water, aquatic life and sediments. To represent a national wide situation in recent years, Table 3 listed literatures on common types of pesticide in different areas. Overall, a variety of pesticides could be detected frequently in water with low concentrations. For example, hexachlorocyclohexane (HCH) and dichlorodiphenyltrichloroethane (DDT), which had been deactivated for more than 30 years in China, could still be detected in water in many areas. This is the consequence of large use of persistent organic chlorinated pesticides, which occupied 80% of total pesticides production in the 1950s-1970s of 20th century (Tieyu et al. 2005; Wei et al. 2007) . Although basically none of these residues exceeded their water quality standards and chronical exposure at low-dose of pesticide was not enough to cause significant symptoms either, its potential health hazards still cannot be ignored (Martson and Voronina 1976; Arnold et al. 1996; Chen et al. 2001; Giri et al. 2002 ; Karami-Mohajeri and Abdollahi 2011; EEA 2012). China's grain yield is keep increasing to 5 302 kg ha -1 in 2012, which is 5 times of the year 1949 (NBSC 2014) . This raising is benefited from the application of fertilizers and pesticides. Actually China is the largest consumer of fertilizer and pesticide in the world and the amount of usage is still increasing. However, the efficiency of application is much lower than many developed countries. Improper application of fertilizer has become a major source of contribution to surface water eutrophication and groundwater nitrate contamination. Meanwhile, pesticide residues could be detected in almost all the water bodies, and some have become a major source of groundwater organic pollution, such as persistent organic pollutants and environmental endocrine disruptors.
Effects of water quality on food safety
Drinking water quality and human health, especially in countryside
Cyanotoxin A typical cyanotoxin is microcystins. Microcystin-LR is comparable toxicity to the chemical organophosphate nerve agents (Dawson 1998) . Animal experiments show that microcystins could accumulate in various organs such as muscle, liver, kidney, heart, lung, spleen, gastrointestinal tract and gonads, and generate potential damage to them (Wang et al. 2008; Qiu et al. 2009; Zhang D et al. 2009 ). Epidemiological investigations show that microcystins are associated with hepatocellular carcinoma (HCC). The incidence of HCC in Southeast China is among the highest in the world. In 2012 half the world's new HCC cases was in China (IARC 2014b). All studies in endemic area of Southeast China have shown a positive correlation between the HCC risk and water source: populations using surface water that vulnerable to eutrophication (ponds, ditches or small rivers) have a higher risk than those using other water sources (IARC 2010). For instance, the HCC incidence of inhabitants that drink pond-ditch water is 60-100/100 000, significantly higher than 10-20/100 000 of that drink Yangtze River water (Yu 1995; Yu et al. 2001) . The same positive correlation also in a 20 years' survey of Haining City in Zhejiang Province, colorectal cancer incidence of drinking pond water was significantly higher than that of drinking well and tap water (Zhou et al. 2000) . Conventional water treatment processes as flocculation, sedimentation and filtration are widely used in China at present, but cannot remove cyanotoxin effectively (Hoffmann 1976; Chow et al. 1999; de Figueiredo et al. 2004 ). Therefore, raw water with high algae causes great difficulties to drinking water treatment, such as poor sedimentation, filter blockage, work period prolonging (Liu C et al. 2006; Merel et al. 2010) . Incidents of tap water pollution caused by cyanobacteria bloom can be seen in medias almost every year, such as the severe cyanobacteria outbreak in Taihu Lake between May and June 2007, which caused whole Wuxi City's water pollution, resulting in serious water shortages and making residents to buy bottled water (Lv 2011; http:// baike.baidu.com/view/11642275.htm?fr=aladdin) .
Survey of microcystin-LR (MC-LR) in water supply of Shanghai City in [2003] [2004] showed that the concentration of MC-LR in raw water reached peak of 2.38 μg L -1 during summer and fall, and it could also be detected in treated water up to 1.27 μg L -1 . MC-LR was also detected in raw water of water factories in both Chongqing City of Three Gorges reservoir area and Hefei City of Chaohu Lake Basin (Zhao et al. 2003; Xu et al. 2005) , though either exceeded the 1 μg L -1 of WHO recommended safety limits, it has shown the adverse effects of eutrophication on drinking water supply.
Survey of MC-LR in domestic water of 4 cities (Haimen, Taixing, Huai'an and Zhenjiang) in Taihu Lake Basin in 1996-1997 showed positives for MC-LR in both pond-ditch and river water, even in shallow groundwater of Haimen and Taixing (up to 34 ng L -1 ). Raw water in all 7 water plants around Taihu Lake is positive for MC-LR up to 17.18 μg L -1 , and 1.4 μg L -1 in treated water (Dong et al. 1998 ). Coincidentally, all these regions are high incidence of gastrointestinal tumors in epidemiological investigations (Chen et al. 2003) . All these examples illustrated that the adverse effects of cyanotoxins on human health had emerged in certain areas. Nitrate Nitrate is a potential hazard because it can be reduced to nitrite as well as endogenously. This nitrite may result in methemoglobinemia, and can react with amines or amides to form a variety of N-nitroso compounds (NOCs), which are potential human carcinogens (McKnight et al. 1999; Lundberg et al. 2004; Grosse et al. 2006; Du et al. 2007; Gilchrist et al. 2010; IARC 2010 IARC , 2014a . A large number of surveys indicate that there is a higher nitrate or nitrite content in drinking water in high cancer incidence areas than those of the low-incidence areas (Zhang et al. 1998; Lu et al. 2000; Deng et al. 2004; Zhou et al. 2009; Cao et al. 2011; Liang et al. 2012; Liu et al. 2014) . Control nitrate content in drinking water can effectively reduce the incidence of cancer, such as in Linzhou City in Henan Province (Han et al. 2001 (Han et al. , 2007 .
China's current environmental protection policy is more concerned about the reduction of ammonia nitrogen emissions. This leads to increase the measures that convert ammonia nitrogen into nitrate nitrogen in wastewater treatment plant and then discharge into environment. These measures may cause more severe nitrate nitrogen pollution.
The nitrate concentration limits in Standards for Drinking Water Quality (GB 5749-2006) is 10 mg L -1 if surface water as drinking water source and 20 mg L -1 if groundwater as drinking water source. It means there are two standards for nitrate in drinking water. According to statistics from national health sector, China has 75% of the rural population drinking groundwater. About half of it is decentralized, among which only 5% of families have drinking water treatment (Zhang R et al. 2009 ). As the source water is directly consumed as drinking water, nitrate contamination in rural drinking water is a much more severe health threat because nitrate cannot be removed by conventional water purification process.
Irrigation water quality and food safety
Food safety lies on water supplies which contribute more than 40% of the production (Zhu 2012) . Besides, the crop quality depends on the irrigation water quality. Sewage water use in irrigation alleviates effectively water shortage for agriculture. It is also an option to close nutrient cycles. However, lack of regulation for irrigation water resulted in direct uses of municipal sewage and industrial waste water. While promoting food production, it could bring a series of severe pollution issues such as heavy metal contamination. Current sewage irrigation China's sewage irrigation had been carried out since 1950s, and developing extremely rapidly after later 1970 ( Fig. 8 ). According to the conservative estimates, China currently has 131 sewage irrigation regions and the total area has reached 4 million ha (Fang 2011) , accounting for 7% of the total irrigated area. Sewage irrigation is practiced mainly in 4 severe water shortage River Basins (Liaohe, Haihe, Yellow River and Huaihe), where about 85% of the national sewage irrigated area is concentrated (Liu and Xu 2002) . Large sewage irrigation regions are mainly in suburban areas of northern metropolises such as Beijing, Tianjin, Shenyang and so on. Adverse effects of sewage irrigation is coming out Many studies have affirmed the positive significance of sewage irrigation in the promoting on agricultural production (WHO 1989a (WHO , 2006 Pereira et al. 2011; Mateo-Sagasta et al. 2013) . However, the microbial pathogens and chemical contaminants in the sewage also bring many negative effects to farmland and agricultural productions. Long-term use may cause soil salinization, heavy metal pollution, reduction of output, and bioaccumulation (Ayers and Westcot 1985; WHO 1989b; Pescod 1992) .
Sewage irrigation needs strict regulations. However, China has no effective regulations on sewage irrigation. Current standard for irrigation water quality can not meet the needs of water reuse. The current Standards for Irrigation Water Quality (GB 5084-2005) were first released in 1985 and revised twice. However, these standards have few indicators that target sewage water, even though sewage water irrigation was gradually widely used in many cities surroundings.
The supervision of sewage irrigation in practical application is also absence. In fact, driven by the interests of economic development, many sewage water from industry and urban is not effectively treated and then used for irrigation. Results from the 2nd National Census of Environment Quality in Sewage Irrigation Areas showed that 512 000 ha were irrigated by not treated industrial and urban sewage effluent. 3.107 million ha were irrigated by sewage water that failed to meet the standards for irrigation water quality (Wang and Lin 2003) . That means total 86% of sewage irrigated farmland was using sewage water that failed to meet the standards for irrigation water quality, among which about 14% of sewage irrigated farmland was using sewage water directly.
Food quality decline and human health problems caused by sewage irrigation had been revealed in late 1970s by the 1st National Census of Environment Quality in Sewage Irrigation Areas (Census-group 1984) . Soil pollution in Sewage irrigated areas are shown in the First National Survey of Soil Pollution in 2005-2013. There are 39 sewage irrigation areas (totally 55 surveyed) that had soil pollution. The main pollutants are cadmium, arsenic and polycyclic aromatic hydrocarbons (MEP and MLR 2014) . Sewage irrigation has become a major pollution source of soil and products .
Heavy metal and food safety
Heavy metal plays both the role of essential components for the maintenance of normal biological functions and toxic agents with damaging consequences when present in inappropriate amounts (Peralta-Videa et al. 2009; Zhuang et al. 2009; Saxena and Shekhawat 2013) .
Many surveys have shown heavy metal contamination on crops caused by sewage irrigation (Table 4 ). Almost every survey has indicators that exceeded the contaminant limits in National Food Safety Standards (GB 2762 (GB -2012 . Sewage irrigation is the major source of heavy metal contamination of crops.
Conclusion
Through the above analysis, it can be seen that:
(1) The surface water across China was under slight pollution, and the lake (reservoir) eutrophication problem was grievous, and about 60% of groundwater is tainted. Drinking water quality is basically guaranteed in urban area but it is worrisome in rural areas.
(2) China is the largest consumer of fertilizer and pesticide in the world and the amount of usage is still increasing. Excessive application of fertilizer has become a major source of surface water eutrophication and groundwater nitrate contamination. Fertilizer and pesticide are the most important source of pollution, which affect human health as persistent organic pollutants and environmental endocrine disruptors.
(3) Eutrophication of surface water and groundwater nitrate pollution are serious threats to drinking water safety. Both cyanotoxin and nitrate are difficult to remove by conventional water treatment processes, and their adverse effects on human health have been revealed by many epidemiological surveys, especially referring to rural areas.
(4) Sewage irrigation is an effective measure to solve agricultural water tensions, and promote food production. But China is lack of effective regulations on sewage irrigation and supervision of sewage irrigation in practical application is also absence. Total 86% of sewage irrigated farmland was using sewage water that failed to meet the standards for irrigation water quality, among which about 14% of sewage irrigated farmland was using sewage water directly. 1 9 6 0 1 9 6 5 1 9 7 0 1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5 2 0 1 0 2 0 1 5 (1982, 1998) . Due to no official public report of the Second National Census of Environment Quality in Sewage Irrigation Areas, the data (1991, 1995, 1998, 2009 ) are extracted from the relevant literatures (Census-group 1984; Yang 2000; Liu and Xu 2002; Wang and Lin 2003; Li et al. 2007; Huang and Wang 2009; Fang 2011). China is undergoing high-speed industrialization and urbanization, and this rapid growth has imposed immense burden on water resources and environment. Both government and individuals began to pay attention on varieties of adverse effects on food safety caused by environmental pollution. However, many unknown factors still remain a potential threat. For instance, except microcystins, many other algal toxins are remain unknown with respect to toxic impact and accumulation. A number of foreign studies have shown that cyanotoxins may accumulate in crops by irrigation, thereby causing human health problems, but the domestic research is little. Although, with the advance in technology, a variety of unknown risks would become clear to prevent, control of nitrogen and phosphorus emissions and reducing water pollution is still a major challenge for China. 
